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Aﬂatoxin M1 (AFM1) is a hepatocarcinogen found in milk of animals that have consumed feeds with
aﬂatoxin B1. The carry-over of AFM1 from milk to Minas Frescal cheese produced with or without starter
cultureswas determined. 40 L ofmilk were divided into 10 L each and assigned to the following treatments
for cheese manufacture: 0.250 ng AFM1 mL1, 0.500 ng AFM1 mL1, 0.250 ng AFM1 mL1 þ starter,
0.500 ng AFM1 mL
1 þ starter. Quantiﬁcation of AFM1 was achieved by high performance liquid chro-
matography. The carry-over of AFM1 frommilk to cheese ranged from30.64% to 42.26%. Therewas no effect
of storage time on AFM1. Milk with AFM1 in levels studied may concentrate the toxin in Minas Frescal
cheese, but at concentrations below the Brazilian tolerance limit. The addition of starter cultures did not
inﬂuence concentration or stability of the AFM1 in cheese over 30 days storage.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Aﬂatoxin M1 (AFM1) is a hepatocarcinogenic metabolite found
in milk of animals that have consumed feeds contaminated with
aﬂatoxin B1, AFB1 (Park & Pohland, 1986), the major mycotoxin
produced by fungi of the genus Aspergillus (Moss, 1998). The carry-
over of AFM1 into milk has been demonstrated in several studies
(Wood, 1991) and the rate of transfer of AFB1 from feed to milk in
dairy cows is between 1 and 3% with a mean transfer of 1.7%
(Jouany & Diaz, 2005). The occurrence of AFM1 in milk and dairy
products is a public health concern since the International Agency
for Research on Cancer (1993) has classiﬁed AFM1 as a probable
human carcinogen (Group 2).
There are several reports of AFM1 contamination of cheeses
produced from milk artiﬁcially treated with AFB1; however, these
reports refer to major cheeses from each country and, according to
López, Ramos, Ramadan, Bulacio, and Perez (2001), the AFM1 levels
in cheese seem to be variable, depending on the type of the
product. Studies involving different types of cheeses demonstrated
the presence of higher levels of AFM1 in cheese than found in the
artiﬁcially contaminated milk (Elgerbi, Aidoo, Candlish, & Tester,
2004; Oruc, Cibik, Yilmaz, & Kalkanli, 2006). The distribution ofx: þ55 19 3565 4284.
sevier OA license.AFM1 during cheese manufacture also varies with the type of ﬁnal
product. Fresh cheese produced in Argentina from artiﬁcially
contaminated milk with AFM1 at levels of 1.7e2.0 ng mL1 had 60%
of AFM1 in the whey and 40% in cheese (López et al., 2001).
In Brazil, there is little information on the occurrence of AFM1 in
cheeses manufactured in the country, except for two reports, one of
them by Prado et al. (2000), who observed that 74.7% of Minas
Frescal samples from the state of Minas Gerais showed AFM1 at
levels ranging from 0.02 to 6.92 ng g1. In a recent study, Oliveira,
Franco, Rosim, and Fernandes (2011) found a high incidence of
AFM1 in Minas Frescal cheeses produced in the state of São Paulo,
but levels were usually below the tolerance limit (2.5 ng g1)
established by Brazilian regulations (Agência Nacional de Vigilância
Sanitária, 2011). Other countries have established different toler-
ance limits for AFM1 in cheeses: 0.20 ng g1 in the Netherlands, and
0.25 ng g1 in Austria, Switzerland and Turkey (Food and
Agriculture Organization, 2004).
Several studies have suggested that starter culture bacteria used
in cheese manufacture might inactivate AFM1 by forming a linkage
between AFM and lactic bacteria (Pierides, El-Nizami, Peltonen,
Salminen, & Ahokas, 2000). In addition, AFM1 may form linkages
with milk proteins such as casein depending on the inﬂuence of
acidity (Brackett & Marth, 1982). Minas Frescal cheese is typical
Brazilian cheese classiﬁed as a semi-fat, non-ripened and high
humidity cheese which is obtained by enzymatic coagulation of
milk with rennet and with or without starter cultures. Although in
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milk, there are no previous reports on the carry-over of AFM1 from
milk to Minas cheese. In the present study, the distribution and
stability of AFM1 was determined in Minas Frescal manufactured
with or without starter cultures containing Lactococcus lactis spp.
lactis and L. lactis spp. cremoris.
2. Material and methods
2.1. Preparation of milk containing aﬂatoxin M1
Raw milk used for cheese manufacture was collected at the
Universidade de São Paulo, Pirassununga Campus, Brazil. Duplicate
samples of milk were previously evaluated for AFM1 to conﬁrm
levels below the detection limit of the method (0.01 ng g1).
For each repetition, 40 l of milk were divided into four portions
of 10 l treatments containing the following: 0.250 ng AFM1 ml1,
0.500 ng AFM1 ml1, 0.250 ng AFM1 ml1 þ starter culture, and
0.500 ng AFM1 ml1 þ starter culture.
Milk samples were spiked with AFM1 (SigmaeAldrich, USA) at
5.0 mg AFM1 ml1 that had been previously prepared in acetonitrile
and calibrated using a spectrophotometer (l ¼ 350 nm), according
to AOAC (2000) (Ofﬁcial Method 971.22). After calibration, 2.5 mg
and 5.0 mg AFM1 were transferred to four Erlenmeyer ﬂasks. The
solvent was evaporated at room temperature under nitrogen ﬂow.
Five hundredml of milk at 30 Cwas added to each Erlenmeyer and
on an orbital shaker for 30 min. The total content of each ﬂask was
added to milk in vats for cheese manufacture, in order to obtain the
required levels of AFM1 for treatments (0.250 and
0.500 ng AFM1 ml1). The milk Batches were continuously stirred
for 30 min to ensure complete AFM1 dispersion. Milk samples
(100 ml) were collected and analyzed for AFM1 to verify the levels
in each treatment.
2.2. Manufacture of Minas Frescal cheese
Milk was used immediately after receiving and sampling for
cheese manufacture in the four treatments. The Minas Frescal
cheeses were manufactured following the procedures as described
by Oliveira (1986). All procedures for the manufacture of cheeses
were performed in double-jacketed stainless steel vats (Mec Milk,
Brazil). The raw milk (10 l per treatment) was batch pasteurized
(65 C for 30 min) and then cooled to 34 C. Pasteurized milk was
added with 12.5% calcium chloride solution, 12 ml of liquid rennet
(chymosin and bovine pepsin, Ha-La, Christian-Hansen, Brazil)
and salted (2%). Two treatments were inoculated with starter
culture (0.5%, v/v e L. lactis spp. lactis and L. lactis spp. cremoris 1:1
e Christian Hansen, Brazil). Milk was incubated at 34 C for
approximately 35 min and the coagulum, cut into small cubes of
approximately 1.0 cm square and gently stirred for 5 min followed
by manual stirring for 25 min. At the end of stirring period, whey
was drained and collected for analysis. All ﬁnes in the whey were
added back into the vat. The curd was then removed from the vat
and transferred to molds (250 g). Cheeses were turned three times
at intervals of 15 min and stored at 4 C for 24 h. Cheeses were
removed from the molds, vacuum packed in polyethylene bags and
stored at 4 C for 30 days. The experiment was replicated four
times, representing sixteen batches of cheeses with four within
treatments.
2.3. Sampling and analyses
Curd samples (100 g) were collected immediately before cutting
and whey samples (100 ml) were collected after mixing the wheyfrom the vat and from the cheese draining. Cheese samples (100 g)
were stored at 4 C for 30 days.
AFM1 analyses were performed in whey, curd and in cheeses on
days 2, 9, 16, 23 and 30 after manufacture. Physical-chemical
analyses of Minas Frescal cheese were performed on day 2 after
manufacture and included pH, total protein and total solids eval-
uation (AOAC, 2000). Actual cheese yield was calculated using Y
(%) ¼ (Wf/Wi)  100, where Y is the yield, Wf is the ﬁnal weight of
the cheese andWi is the initial total weight (milk and ingredients).
The calculated actual yield value was used for determination of the
moisture-adjusted cheese yield, according to Fox, Guinee, Cogan,
and McSweeney (2000). A value of 57% was used as reference
cheese moisture content in Minas Frescal cheese (Oliveira, 1986).
2.4. Determination of aﬂatoxin M1 in milk and whey
Milk and whey analysis for AFM1 were performed by the
method recommended by Tuinstra, Roos, and Van Trijp (1993) with
some modiﬁcations recommended by the manufacturer of the
immunoafﬁnity columns (Neocolumn e Neogen, 2005) and
determined by high performance liquid chromatography (HPLC), as
brieﬂy described below.
2.4.1. Extraction and clean up
5 g of NaCl was added to each sample (40 ml; run in duplicate)
was added by and then centrifuged at 3500 rpm for 10 min. The fat
layer was removed and the residue ﬁltered (1.5 mmmicroﬁber ﬁlter,
90 mm, Millipore) and passed through an immunoafﬁnity column
which was connected to a glass syringe and a vacuum system (ﬂow
of 2e3 ml min1). The columnwas washed with 20 ml of ultrapure
water (Milli Q, Millipore)-methanol (75 þ 25) and the AFM1 was
eluted with 1 ml of acetic acid-methanol (2 þ 98) followed by
0.4 ml ultrapure water, and the eluates were collected into an in an
ambervial.
2.4.2. Chromatographic quantiﬁcation of aﬂatoxin M1
AFM1 was quantitated by high performance liquid chromatog-
raphy using a Shimadzu 10VP liquid chromatograph with a 10 AXL
ﬂuorescence detector (excitation at 366 nm and emission at
428 nm) with a Shim-Pack CLC-ODS Sil column (4.6  250 mm,
5 mm) and a Shim-Pack precolumn (4  10 mm CLC G-ODS). The
isocratic mobile phase consisted of water-methanol-acetonitrile
(60 þ 20þ20, v/v/v) with a ﬂow rate of 1.0 ml min1. Under these
conditions, the retention time for AFM1 was approximately 6 min
(Fig. 1).
A calibration curve for AFM1 was prepared using standard
solutions of AFM1 (Sigma), diluted in acetonitrile at concentra-
tions of 1.25 ng ml1, 2.5 ng ml1, 5.0 ng ml1, 10.0 ng ml1 and
20.0 ng ml1 as previously described by Scott (1990),. The coefﬁ-
cient of determination (R2) for the AFM1 curves ranged from 0.9816
to 0.9979 attesting to the repeatability (Horwitz, 1982) of calibra-
tion curves for AFM1. 20 ml of sample extracts were injected for
AFM1 determination.
2.5. Determination of aﬂatoxin M1 in curd and cheese
Curd and cheese analyses for AFM1 determination were per-
formed as recommended by Mayes and McDonald (1995), with
some adaptations recommended by the manufacturer of the
immunoafﬁnity columns (Neocolumn e Neogen, 2005).
2.5.1. Extraction and clean up
The analytical sample (10 g of each duplicate from the same
sample, previously ground) was added to 5 g of celite, 150 ml
chloroform and 1 ml NaCl solution the mixture was blended for
Fig. 1. (A) Chromatogram showing the retention time of aﬂatoxin M1 (AFM1) (nearly
6 min) in a standard with 10 ng AFM1 ml1; (B) Chromatogram of an artiﬁcially
contaminated (500 ng AFM1 g1) Minas Frescal cheese sample at 30 days of storage.
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of methanol and the volume adjusted to 100 ml using phosphate-
salt buffer, prepared according to Deveci (2007). The solution was
placed into a separation funnel with 75 ml of n-hexane and mixed.
The aqueous phase was separated and passed through an immu-
noafﬁnity column which was connected to a glass syringe and
a vacuum system (ﬂow of 2e3 ml min1). The column was washedTable 1
Aﬂatoxin M1 concentrations in milk, whey, curd and cheese from different treatments a
Treatment Milk Whey
AFM1 (ng ml1) Total AFM1 (ng) AFM1 (ng ml1) Recoveryc
0.250 ng ml1
Without SC 0.230  0.037b 2.630  930b 0.099  0.011b 39.41  1
With SC 0.234  0.087b 2.624  519b 0.102  0.021b 39.71  9
0.500 ng ml1
Without SC 0.448  0.016a 5.017  1309a 0.215  0.040a 41.91  1
With SC 0.502  0.106a 5.586  1323a 0.196  0.051a 35.57  1
In the same column, means followed by different letters present signiﬁcant difference (P
SC: Starter culture (Lactococcus lactis spp. lactis and Lactococcus lactis spp. cremoris 1:1 e
a Results are expressed as mean  standard deviation. N ¼ 4.
b Day 2 after manufacture.
c Percentage of AFM1 found in relation to the total AFM1 in the original milk.
d Level of AFM1 in cheese divided by the level in the original milk.with 20 ml of ultrapure water (Milli Q, Millipore)-methanol solu-
tion (75 þ 25, v/v) and the AFM1 was eluted with 1 ml methanol,
into an ambervial.
2.5.2. HPLC quantiﬁcation of aﬂatoxin M1
Identiﬁcation and quantiﬁcation of AFM1 in curd and cheese
were achieved at the same conditions described for milk and whey.2.6. Statistical analysis
Results obtained were submitted to variance analysis in order to
verify differences among treatments concerning AFM1 transfer
from milk to cheeses. For evaluation of AFM1 stability in cheeses
during storage SAS proc mixed (SAS, 2004) was used for four
repetitions with ﬁve measurements, at 2, 9, 16, 23 and 30 days of
storage.3. Results and discussion
The analytical methods used in the experiment were previously
evaluated by the same analyst using triplicate samples of milk and
whey spiked with 0.050 and 0.500 ng AFM1 ml1, and curd and
cheese spiked with AFM1 at 0.200 and 0.500 ng g1. The limit of
determination (LOD) and limit of quantiﬁcation (LOQ) for AFM1
were determined in all types of samples considering a signal to
noise ratio of 3:1 and 6:1, respectively. The LOD and LOQ values for
AFM1 in milk and whey were 0.005 ng ml1 and 0.010 ng ml1,
respectively. For AFM1 in curd and cheese samples, the LOD and
LOQ were 0.010 ng g1 and 0.030 ng g1, respectively. The mean
recoveries of AFM1 in spiked milk or whey samples were in the
range 75e94%, with relative standard deviation (RSD) from 4.46 to
10.49%. For curd or cheese samples, recovery values varied from 53
to 84%, with RSD of 3.61e12.80%. Similar values for recoveries in
milk (90e100%) and Camembert and St Albray cheeses (72e90%)
have been described by Tuinstra et al. (1993) and Dragacci, Gleizes,
Fremy, and Candlish (1995), respectively. Reproducibility (RSDR)
was not evaluated in the present study, although the method used
for cheeses presented RSDR values ranging from 11 to 23% in an
inter-laboratorial as reported by Tuinstra et al. (1993).
The yield and physical-chemical results obtained for Minas
Frescal cheeses did not present signiﬁcant differences (P > 0.05)
amongmeans. Moisture-adjusted cheese yield ranged from 11.97 to
14.69%, total protein varied from 12.45 to 13.97%, total solids from
31.27 to 32.73%, and pH mean was 6.4 (data not shown).
The concentrations of AFM1 and its percentages of carrying-over
from contaminated milks into whey, curd and Minas Frescal
cheeses are presented in Table 1. AFM1 levels ranged from 0.099 tond recoveries.a
Curd Cheeseb
(%) AFM1 (ng g1) Recovery (%) AFM1 (ng g1) Concentration
factord
0.36a 0.199  0.056a 42.26  13.28a 0.540  0.132b 2.45  0.92
.58a 0.210  0.046a 30.64  8.65a 0.432  0.120b 1.84  0.49
1.24a 0.416  0.142a 38.51  10.99a 0.778  0.159a 1.79  0.52
5.10a 0.391  0.162a 34.91  16.57a 0.819  0.285a 1.74  0.91
< 0.05).
Christian Hansen, Brazil).
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Fig. 2. Levels (mean  standard deviation, N ¼ 4) of AFM1 in Minas Frescal cheese
during 30 days of storage. There was no effect of time of storage (P > 0.05) and there
was no interaction between AFM1 and time of storage (P > 0.05). SC: Starter culture
(Lactococcus lactis spp. lactis and L. lactis spp. cremoris 1:1 e Christian Hansen, Brazil).
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Cheese on day 2 aftermanufacture had levels of AFM1 from 0.432 to
0.819 ng g1. There were no signiﬁcant differences (P > 0.05)
among treatment means concerning AFM1 transfer from milk.
AFM1 transferred into whey had 39.41% when the milk contained
0.250 ng AFM1 ml1 and 41.91% when added by 0.500 ng AFM1
ml1, without use of starter culture, and 39.71% and 35.57% when
added by 0.250 and 0.500 ng AFM1 ml1, respectively, with starter
culture. Minas Frescal cheeses had 42.26% and 38.51% of AFM1
transferred frommilk in treatments 0.250 and 0.500 ng AFM1 ml1,
respectively, without culture. Treatments 0.250 and
0.500 ng AFM1 ml1 with culture had AFM1 transfer from milk to
cheese at 30.64% and 34.91%, respectively.
White cheeses from North Africa produced by using milk artiﬁ-
cially contaminated with AFM1 in concentrations of
0.01e3.0 ng ml1 had AFM1 concentrations ranging from 0.11 to
0.52 ng g1 (Elgerbi et al., 2004). White cheese from Iran had AFM1
levels of 0.22, 0.88 and 0.75 ng ml1 in whey, curd and cheese,
respectively, when milk was artiﬁcially contaminated with
0.50 ng AFM1 ml1 (Kamkar, Karim, Shojaee Aliabadi, & Khaksar,
2008). Fremy, Roiland, and Gaymard (1990) evaluated Camembert
cheese produced with milk artiﬁcially contaminated with AFM1 at
levels as high as 0.3e7.5 ng ml1 and observed transfers of 35.6 and
57.7% of AFM1, respectively, frommilk to cheese, and 42.3 and 64.4%,
respectively, to whey. Fresh cheese produced in Argentina using
milk artiﬁcially contaminatedwithAFM1 at levels of 1.7e2.0 ngml1
had 60% of the AFM1 inwhey and 40% in cheese (López et al., 2001).
The use of starter culture did not inﬂuence AFM1 transfer from
milk to cheese (P > 0.05) (Table 1). Oruc, Cibik, Yilmaz, and Gunes
(2007) also found cultures did not inﬂuence the amount of AFM1 in
Kashar cheese attributing this fact to the high pH values of cheese,
around 5.0e5.2. Total recovery (whey and cheese) of AFM1 added to
milk were 81.67%  19.00, 80.42%  21.99, 70.35%  13.08 and
70.48%  31.47 for treatments without culture 0.250 and 0.500 and
with culture 0.250 and 0.500 ng AFM1 ml1, respectively.
After 2 days of storage, AFM1 in cheeses was at levels of 1.74- to
2.45-fold higher than those presented in the initial artiﬁcially
contaminated milk (Table 1). On the 30th day of storage, AFM1 was
2.14- to 2.60-fold higher than levels in milk. There was concen-
tration of the toxin in cheese, independently (P > 0.3443) of AFM1
level in milk (0.250 or 0.500 ngml1). The concentration of AFM1 in
Minas Frescal cheese relative tomilk was lower than those reported
by researchers for other types of cheese. Parmesan and Mozzarella
found AFM1 levels of 5.8- and 7.1-fold higher than in milk (Brackett& Marth, 1982), while the level in Cottage cheese was 8.1-fold
higher (Applebaum et al., 1982). Different types of cheese
produced with milk artiﬁcially contaminated with AFM1 have been
reported to have concentrations 1.8- to 4.4-fold higher than in milk
(Govaris, Roussi, Koidis, & Botsoglou, 2001; Oruc et al., 2006;
Kamkar et al., 2008).
Over 30 days of storage (Fig. 2), AFM1 levels were constant
(P¼ 0.2777), representing no degradation and no losses by whey of
AFM1 during 30 days of storage. These results are in agreement
with those reported by Oruc et al. (2006), in which AFM1 remained
stable during ripening in white Turkish cheese. However, some
types of cheeses, such as Camembert and Telemes, had a decrease
in AFM1 concentrations during storage (Fremy et al., 1990; Govaris
et al., 2001). In our study, the use of starter cultures did not inﬂu-
ence (P ¼ 0.2083) AFM1 stability for 30 days.
4. Conclusion
The carry-over of AFM1 from milk to Minas Frescal was 30e40%
of the amount in the original milk. The use of milk containing
0.250e0.500 ng AFM1 ml1 may concentrate the level of AFM1 in
Minas Frescal cheeses up to 2.5-fold, but at levels below the
tolerance limit for AFM1 in cheeses (2.5 ng g1) as recently estab-
lished by Brazilian regulations (Agência Nacional de Vigilância
Sanitária, 2011). Also, the addition of starter cultures in Minas
Frescal cheese as used in this trial did not inﬂuence the concen-
tration or the stability of the AFM1 in cheeses over 30 days storage.
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